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NOTICEL

When Government drawings, specifications, or other data are used
for any purpose other than in connecticn with a definitely related
Government preocurement operation, the United States Government thereby
incurs no responsibility nor any obligatica whatsoever; and the fact
that thé Goverimen{ may have formulated, furnished, or in any way sup-
plied the said diawings, specifications, or other data, is not to be
regarded by impli. ation or otherwise as in any manner licensing the
holder or any oth:r perLzon or corporation, or conveying any rights or
permisgion to ~waufacture, use, or sell any patented invention that
may in any way be related thereto.

Qualified users may obtaln copies of this report from the Defense
Documentation Center,

Kalease to CFSTI is not authorized. The distribution of this re-
port is “imited because it concerns test and qualification ot military
devices not considered of general interest to the public.

Copies of this report should anot be returned to the Regearch and
Technology Division unless return is required by security considerations,
contractual obligations, or notice on a apecific document.

The findings i *"iiz report are not to be construed as an official De-
partment of the Army possition unless szo designated by otbher authoriged
docupante. )
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FOREWORD

The research work desc-ibed in this report was performed by the
Frankford Arsensgl, U.S. Army Munitiong Command, Philadelphia, Penna.,
for the Air Force Fligut Dynamics Laboratory (AFFDL}. The task was
accomplished under Project 1362, '"Crew Escape for Flight Vehicles,"
and task 136205, "Propellant Actuated Devices Regeerch." The program
was funded by HIPRs numbers 33(616)60-17, 33{616)61-12, and 33(657)-2-
R&D-111. Captain D. S. Barron was the AFFDL(FDFR) Project Engineer;
Mr, Martin Visnov was the Frankford Arsenal Project Engineer. The work
way performed during the period December 1939 to Qctghber 1962. This {is
Part JI of three parts.

This report was submitted by the author 7 April 1963.

This techaical report has been reviewed and is approved.

Sl

GEQRGE A, SOLT, JR

Chisf, Recovory & Crew Statien Brsnch
Vehidle Equipment Division

AF Right Dynamics Laberatory
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Shagle and daucle base  rope Clent ve uwse ! in prope’ fant ac-
tusted device (PAL) cartridges w e cub iecic ! Lo high tore ature
conditions short »f autoignitior, Thefr theemal deteri . . igv was
measured by decav 14 prak presmi-es in tirings in the HI 3% zap-
Leidgo/M3 Initizier wystem and by estimetion of weight ae o chonge
‘nonitrager ooutent sl nitroceliviose, gas evoluticn, ave geain
¢rformation,  The propeilants depraded rapidly at 225° gni 259 ¥
and would not survive 275° F eEpvuTe Lo permit evar-uation,

The ballistic feasibitiny of substituting composite propellants
{ex pltrate esters in PAD cartridge < was demonstrated {n the MY3
cayrridee. This vequired nand-ct2iisrieg of grat %, becnuse composite
propeliants in gun-type gecmetbries were not available from major com-
pesite propellant scurces.

Crmpogite propellants empl~ying ammonium perchlorate oxidizer

perisr d sacisfactorily in the W7} carrridge/M? {aitialor system
at -6> F, but were marginel after tw  hours' exposure at 400° §,

It is recommended that cfforts be contjrued for the develppmenc
cf ¢ mposite propeilants employing potasnium perchlorate oxidizer to
withatand -65° a0 +400° F zoak Lemperatures.
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INTRODUCTLION

This is the <econd report vn the progress of the program for de- d
velopment of propellants f{or propeliant actuated devices (PAD) to
withstrnd temperatures up Lo 400° F, A previous rcpnrtl* contained a
literature survey fnd described the screening of o wide variety of
nitrate ester and composite propellar.s by means of autoignition tests.
Composite propellants, as a class, showed higher autoignition tempera-
tures than single or double base propellancs.

Although the auteignition tests furnished & veasonable {idea of
the absolute limit of propellant life under various time-tempevature
conditions, they did not measure the extent of propellsant deterioration
under heat conditions short of autoignition, which results in substand-
ard functioning. This information did not exist for the nitrate ester
propellants used in PAD.

A scrond area to be explorsd was the compnsite propellant, now
shown to be aure resistant to heat than the aitrate esters. Whiie com-
posite propeliants were common }i rockers and gas generatore, thelr ap-
plication co small cartridge ac:uated devices was vircually uninowii.
The ballistic feasibility of sudati’.ting compasites fnor gun-type
single and double base propellants in PAD had yet t» be showm,

TECILICAL APPROACH )

Study of the effect of high temperature sxposures on the nitrate
egster propellants in PAD was conducted by both laboratoery examination
of degraded propellant and bailistis firings of M73 PAD cirtridges in
the MJ initiator ballistic tost system. Labaratory studies included
estimation of weight loss, change in nitrogen content of anitroceilu- X
lose, gas evolution, anu physical examination of heated greins for
change in geometry and other affects. Propellant decuaposition gases
vere analyzed by mass spectroweter.

In addition to ballistic studies of heated niirate ester propel-
lancs, the M73 PAD cartridge/M3 initiator system was chosen es the

esters. The reasons for this were severasl: Filvst - it was the most
widely used PAD cartridge and was representative of a claas of small
propellant actuared devices. Second - the M73 cartridge vses lecs
than three grams of propellant. This made svailable a simple PAD bal-
listic system small enough tc conduct numesrous test firings ot new
propellant compositions that were obtainable only in experimentsl

*See REFERENCES.

vehicle for attempts to subsci*ute composite propellaats for njtrste : ‘\
-
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quantities. Third - the small 3jze of the M73 cartridge proviled s
minimum hazard in heating experimental formulatlons. Fourth - the
same cartridge was adapted for the orher therma' stabiiity worx and
thus ensbled closer correlation between the stability ané performance
tests.

EY.PERIMENTAL PROCED(RE

Effects of Scvere Heat on Nitrate Ester Propellants

In this study, at least two sets of M73 cartridges were heated
simultaneously upder gradually more severe time-temperature condi-
tions, One set of cartridges contained propellant only, and was
set aside for degradation studies in the laboratory. The second
set of cartridges consisted of the piropellant charge (apnroximately
2.8 grams) and one gram of the standavd A4 black pouder igriter.
With the excepti-~n of certain sevies of cartridges where data on the
effects of heat on the percussion primsr werc desired, the cartridges
were primed after hest exposure., The primed cartridges were then
fired in the M3 initiator, ucing the specification test fixture of
15 feet of M28741-4 high presgure aircraft hose terminating in a
one cubic inch volume chamrer.

The heated cartridges containing propellant only were first
ruptured in a2 sealed system, and gas content was analyzed by mass
spectrometer, The propellant grains were examined for sigeificant
gRrain deformation or other change, and weight loss was detesmined.
Samples of the propellant were then subjected to fu-ther analysis,
as desired.

In the previous report,1 it was shown that the nitrate ester
propellants in sealed PAD cartridges would autoignite in a matter
of minutes at constant temperatures above 300° F, As expected,
induction periods wers longer at lower constant tenperatures, un-
til tests were terminated at 12 hours st the 225° ¥ level. <Con-
sequently, for this phase, work was conducted begirning with ex-
posures of the nitrate ester propellants at 223° F ana raised by
25° intervals,

Two double base propellants and one single base propellant
were chosen as typical nitrate este.s for evaluation. These pro-
pellants were stancard charges for the M73 cartridgs at various
times. They weve: Lot RAD 7944 - M5, double base (approximately
i5 percent nituoglyceriu); Lot RAD 5280 - M2, double base (approx~-
imately 20 percent nitroglycerin); ard Lot PAE 4228 - M10, aingle
base,
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Fe&sivility of Composite Propellants in PAD Cartridges

The experiments for this phcse consisted of firing composite pro-
peliants. vhich had shown heat resistance superior to nitrate esters,
in the M73 cartridge/M3 initiator system in an effort to match the bal-
listics of the nitrate ester. The main problem was one of sizing the
composites into very small grains. As indicated before, composite pro-
pellants were oriented toward relatively large grains for rocket motors
and gas generators. HMost of them were castable compozitions which are
poured as a slurry into the motor casing and cured in-place to a rubbery
solid., A few were extrudable, but were obtainable canly as very small

diameter solid rods.

Of the composites evaluated here i.. ballistic feasibility in PAD,
samples of AN 583AF, ANT 623, and Arcite 377 propellants* were received
as large, irregular blocks, weighing up to several pounds each and ap-
parently cut from motor grains. These required cutting and machining to
cylindrical voos of 0.2 inch diameter. Severa' extrudable compositions
were obtained as a result of an extensive survey of composite propellant
sourzes, ANR 2753BI was obtained in 3/8 inch diamcter rods. GCR 400,
GCR 310, GCR 700, and GCR 701 propellants* were obtained in solid rod
extrusions of 0,1, 0.2, and 0.5 inch diameters. One propellant, Arcite
406,*% was actually cast inte small vods of 0.1, 0.2, and 0.5 inch di-
ameters. These small diameter, cast rods were later found to be porous.

Several geometries of small grain composite propellants were fired.

For pecrforated grains, longitudinal holes were simply drilled in the
machined cylirdrical rods (Figure 1). In later firings, the rods were

sliced into discs.
Reg. 33552

— e AT R BRI g, # ] '-»«,.«:.u-—.v__,-m‘
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FPigure 1. Machined éﬁall Grain Composite Propellant

*For comdositions of these propellants, see Reference 1.

L]




T

VI R

A propelliunt slicer (Figure 2} was devised in order to cut discs
of reproducible thickness., In operation, the rod of propellant was in-
serted into the hollow bolt snd forced against the backstop by a spring-
loaded piston. Cuts were made by an ordinary razor blade held in o
fixed plane by a bracket., Discs of various reproducible thicknesses
could be cut by adjusting the position of the bracket,

Neg. 34259

igure 2, Hand Sliner and Disc Composite Grains
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RESULTS

Exposure of Nitrate Ester Fropellsnts to high Temperature

Ballistic Performances in M72 Cartridges

M5 Double Base P :opeliant

Unprimed M73 carcridges, loaded with M5 propellant (Lot
RAD 7944) asnd A4 black powder igniter, were conditioned at 225°, 250°,
and 275° F for gradually increasing time pericds at each temperature,
The cartridges were removed at each time interval, primed with 7
styphnate primers, and fired in the M3 initiator ballietic test aystem,
Comparison wss made with unheated control cartridges. Individual round
Jata are shown in Appendix I.

In the exposures at 25° F, the first evidence of & low-
ering in peak pressurs sppesred at 45 lours. Peak pressures coatiuued
to drop as exposure time increased beyoad 48 hours. When the cartridges
were removed from the oven, it was noted that some of the 48-hour ex-
posed cartridges were slightly swelled st the shoulder and basze. The
swelling of some cartridges was more propounced in the 72-hour and long-
er exposures (Figure 3). In some instances, cdse distortion was severe
enough to require preszing the cartridges by machine into the cartridge
retainer basket in order to permit assembly of the initistors for fir-
ing. The swelling of the cases was attriduted to internal prescure ex-
erted by propellanc Jdecomposition gases under heat,

T Neg 36.231.S2343/0RD.61

Uneaposed 72 Hours at 225° F

Figure 3. WM73 Cartridges (with M5 Propellant), showing
Swelling after 72 hours' Exposure at 225° F
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In the exposures st 250° F, one cartridge showed a low
peak pressur: at eight hours, snd 2 general lowering of peak pressures
was noted beginning with ten houvs., The reason for the uptrend in
pressures st 14 hours ig not krown, although errstic behavior in ex-
posures at 250° F for 14 hours end longer wasg not2d during the experi-
ments, Previcus eatoigoition data had suggested that exposures of M5
propellant in sealed PAD cartridges :or periods longer than 12 hours
a1 250° F would be marginsl. Conscquently, the number of cactridges
wa;3 doubled to ten in srder to define this srza mare closely,

It is seen from the firing data for 14 hours that one
peak pressure was low. Aithough act shown in Appendix I, similar ex-
rstic peak pressures were obtained for the 250° F/16 hour exposure,
When attsaupts were msdo to rerun the 250" F/16 hour exposure, foer
cartridges autoignited in the ovea. In each attempt to leagthen the
exp.sure to 18 and 20-hours at 250° F, several cartridges ignited
during the hesting peried.

All sttempts at 2753° F exposure for one- or two-hour
periods resuited in a number of e¥ploded cartridges. Thls agrees
with previoucly reported autoignition data for M5 propzilant at this
remperature,

No further attempt: wete made to increase the severity
of exposure for the M5 propellant/M73 cartridge.

M2 Double Base Propeilent

A large nuwber of M73 cartridges were loaded with M2
propellan: (Lot RAD 5280), black powder igniter, and 72M styphnate
primers, and conditioned st 225° aud 250° F., Withdrawais of 225° ¥
conditioned cartridger wers msde at 2Z4-hour intervals. Between the
72-hour a&nd 96-hour withdrawals, 17 cartridges ignited in the oven.
The withdrawn curtridges were also swelled. All cartridges vhich
had survived hest exposure were fired in the M73 initiator ballistic
test system. A numher of primer misfives were encountered. Indi-

i vidual round firizz date are shown in Appendix II. The first lower-
3 iag of péak pressursz is noticesble beginning with 72 houts.

: Due to the nusber of exploded cartridge:, there were
2 .. not ensugh remaining to continué beyond 120 hours, The 225° F ex-

: pusures were repeatad, using more cartridges. During the second rum,
.7 i cartridge asutoignitions occurred st the -asme intervals (72 to 120
- : ~wrg) as in the first run. Exponure was terminsted at 144 hours.

’ inc.viduasl round date for the cartridges surviving the repeat run
- are also shown in Appendix TI. Misfires were encountered cgain.
Tl ~ The drop in pesk pressure level with increased exposure time paral-
ieled the first geries. The trend continued at 144 nours.

w.
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Withdrawals of cartridges conditioned at 230° F were
made at two-hour intervals. The test could not be carried out beyond
eight hours due to cartridge explosions between the eight- and ten-
houz intervals, iring data for the exposed cartridres are shown in
Appendix IL., Peak pressures remained at the same level for all ex-
posures,

No attempt was msde at 275° F exposures of the MZ pro-

pellant/M73 cartridge because previous autoignition dets, verifici by
M5 propellant experience, indicsted less than one-hour survival.

M1( Sicgle Bage Propellant

Ballistic evaiuation was conducted of 225° F exposed
M10 single base propellant (Lot PAE 4228) in HM73 cartridges. The
cartridges were loaded with propellant and black powder igniter, and
primed with the 72M gtyphnate primer. BExposures continued up to 215
hours., . ’ ) T

At the 120-hour withdrawal, a slight swelling was
no.ed at the bage of a number of cartridges. Beginning with 144 hours,
vittually all the cartridges showed increased swelliing, Piring data
ar: shown in Appendix 1II,

The peak pressure level for this charge {s slightly
lower than that of M5 or M2 double base charges for this same car-
tridge. In Appendix III, the first peak pressure drop of M10 single
base propeliant appears at 96 hours. As peask pressured dropped, there
vas a simultaneous increase in rise time (defined as the time interval,
in milliseconds, from initial rise in pressure to maximum pressurc) as
recorded on the oscillograph trace,

Although the data for M1Q single base propellant at
high temperature show siightly increased 1life over that for the dovuble
base propellants, it was not considered sufficient to warrant further
firings of M10 propellant exposed to 250° ¥ or higher.

Laboratory Study of Propellants

Propellant Weight Zcos_in Sealed Cartridges

Sealed cartridges of nitrate ester propellants were
heated simultaneously with those for the ballistic eveluation described
above. Coonled cartridges vere first tapped for gas conteat; then opened
and propelilant weight loss determined. Weight loss data st 225° F are
shown in Appendix IV.and Figure 4, beginning with the 24-hour exposures
and encompassing the time period of lowering in ballistic properties,




83uPT12dol1ad 39187 AWAIIN ‘d ,GZZ I® WLV A RSO By

R - T T

ey a1omg ol @
Mg mpaw e 0
VR 18008 ‘S O

‘y danByy

‘5;357 LWXY

e s W b b e




Lowar rate of weight loss for M1C single base propeilant, compsred to
the double base, is obwvious. At the longer exposures, the grosg effects
of heat were clearly evident, even on visual examinatioun {Figure 5).
4lso noted in a number of the longer exposures was a brown, sticky
residue which coated the interior of the cartridge cases.

Due to the rapid rate of detericration at 250° and 275°

F, as gshown by previous autcignition data and cartridge exploslons in
the oven, weight loss at these temperatures was not determined.

Nitrogen Content of Nitrocellulose

4s a measure of the loss in energy of the nitrate ester
propellants, attempts were made to determine the nitrogen content of
propellant nitrocelluiose in 225° F heated double base propellant (M5)
and single base propellant (M10)., The method employed was anslysis
by duPont Nitrometer, Typical data obtained are shown in Appendix V.

Although a graduri drop in nitrogen content with in-
creased exposure time is indicated, the validity of the quantitative
results i{s questionable when the amounts of recoverable nitrocellulose
for M5 propellant {shown in Appendix V) sre taken inte account. The
explanation foilcws,

The procedure for determining nitrogen in propellant
nitvocellulose requirsz the separation of the other propellant in-
gredients from the niirocellulose by extraction with methylene chloride.
When the propellant is degraded by heat, the nitrocellulozse loses
nitrogen - via split off of NO2 groups - in random fashion. When the
heated M5 propellant was analyzed, it was found that the more severely
degraded nitrocellulose and its products remained disaolved in the
extrsction solvent, leaving the dispioportionately high nitrogen frac-
tion for determination of nitrogen.

A reviged extraction procedure resulted in improved
recovery and a more repregentative sample of nitrocellulose from the
heated propellant, However, as is seen in Appendix V, even with an
improved procedure, the amount of recoverable nitrocellulose decreased
as leagth of heat exposure increased. Part of this drop in recoverable
nitrocellulose may also be attributed to the dissppearance of the cei-
lulosic structure itself via cleavage into aldehydes, CO2, H20, and
other decompozition products.

Gas Content of Heated Cartridges

Prior to examination of the propellant, the sealed M73
cartridges which had been hzated were tspped for gas content analysis.
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rigure 5. Thermsily Degraded M2 Propalliant from
Sealed PAD Cartridges

A -~ Unexposed

B - 120 hours at 225° F
- . € - la4 hours at 225° P
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Tne cartvidges were placed in a closed system which iucluded a gas
sampling bulb. The sysiem was zvacuated to 20 microns (Hg) and the
cartridge was ruptured by means of a sharp pin. The cartridge atmos-
pherzs were gnalyzed on a2 Consolidated Electrodynamics model 21-103
mass ypectiomelar,

Note should be made of how the mass spectremeter data
were handled, Ordinarily, quantitative mass spectrometer aunalyses of

grs mixtures are
The mole percent
tetal of partial
the mol2 percent
partial presssre
ture &s actually

based on partial pressures of the individual gases.
estimate iz usually obtained by "normalizing" the
pressures to 100 percent. However, in this pregram,
for each component gas was obtained by dividing each
by the pressure of the total decomposition gas mix-
measured dy the micromanometer of the mass spectrom-

eter fnlet system. This method may not total exactly 1€ percent,
but it wiil indicste whether all gases present have been identified.

Analyses of cartridge atmospheres from the heated
nitrate erter propellants are shown in Appendices VI, VIl, and VIII,
Since the cartridges were loaded under ambient conditions, mass spic-
trometer analysis of a typical dry air sample is shovn fer comparison.
Also shown is the atmosphere analysis of duplicate unheared control
cartridges with M5 propelliant (Appendix VI).

The absence of oxides of nitrogen or sizable quantities
of oxides of cua:szon show the original condition of the propellant to
be satisfactory. (All nitrate ester propellants passed ! he methyl
violet heac stability test prior to high temperature exposures,) It
is seen that the atmosphere inside the unheated cartridges was easen-
tially air pluc small amounts of volatiles from the propellant,

The dagradation of the propellants due to Leat is
evident fiom Appendicez VI through VIII. Apparently, the oxygen in-
side the sealed cartridge is consumed very early in the deccmposition
process, as evidenced by its virtual disappearance before 24 hours at
225° P or two hours at 250° F, The oxygen loss is accompanied by an
immediate rise in carbon oxides and the appearance of nitrous and
nitric oxides, indiceting breakdown of the propellant. M\ot shown in
the Tables were peaks in the spectra, indicating -Cil0 gruuping, veri-
fying resulzs cf investigators vho have reported aldehvdes as one of
the products of thrimal decomposition of nitrocellulose,

: The amounts of gas shown in the Tables (calculated from

¥ sample buld pressures measured at the inlet system of the mass spec-
trometer) are inconsistent with heating time. It is believed “hat this
is due partly to losses through certridge O-ring seals detericorated by
heat. Even witk the randomness of measured gas volumes, it is seen
that the M10 single base propellant evolved gss at a slouver rate than
did the double base propellants at 225° F.

11
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Ballistic Faasibility of Composite Propellants
in PAD Cartridges

Single Pexforated Cylindrical Grain Geometry

The first tes® firiags of composite propellents were con-
ducted in the M38 cartridge (an earliey version of the M73 cartridge’
with identical propellant capacity). AR 582AF and Arcite 377 com-
pesites were fired, The properties of both propeilants, although not
exact duplications of the M5 double base charge, were sufficient to
warrant testing.

Both propellants had a cslculiated value nf approximstely
0.04 mole of gas per gram, and a calculated impetus In excess *
300,000 fr-1b per 1b. Linaar burning rates at 5000 pri - the chamber
pressure of the M3 initiater in which the certridges were fired -
were not known, although estimated to be slower than the M5 double
base. Smzil cylindrical grains, 0,20 inch in dismeter, were mechinad
from bulk sampies of the propellants., Three different size perfora-
tions were Lored i the grains, resulting in three web thickneszses,
the thinnest of which (0.053 iach) did not match the 0.039 inch web
of the seven-perforated M5 grain, Thinner webs could not be made
without crumbling the wall of the grain, The M38 cariridges were
loaded with eight grains of the propellent and one gram of A4 black
powder, and primed with 72M styphnate primers,

The cartridges were fired in M3 initfiators, at ambient tem-
peratures, using the specification test fixture of 13 feet of hose
and 3 onc cubic inch test chamber. A standard M38 cartridge, loaded
with M5 propellant, was fired for comparison. The following (Table I)
are the data obtained.

TABLE 1
Ballictic Data, Cylindricel Single Perforated Propellant Grains
in M38 Cartridge

Peak Time (ma)
Charge Web Pressure Ignition

Propellant (=) (ip.) (psi) Delay Rige

M5 (3tandard) 2.80 0.039 1200 13 27
Arcite 377 2.40 0.053 a a &
2,73 0.068 592 13 97

© 292 0.083 586 20 130

AN 583AY 2,40 0.053 608 15 75
2.71 0.968 533 15 120

2.95 0.083 600 15 145

8pauity dsts; runge manfunction.
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Peak presaures of the composite propellants were lower than
the double base standard. The other data indicated ncrmal propellant
behavior in that ignition was satisfactory and time to peak pressure
was dependent on web thickness, Also, even if it could be made, a
buining web in th: single perforated geometry of the composites com-
parabie in thinness to the seven-perforated M5 propellant would limit
the propellant weight. A propellant geometry that provided increased
surface area was required. Lastly, to attain peak pressures within

shorter ris- times, composite propellants with faster burning rates
were necessary.

Disc Grain {eometry

In view of the results of firings of composite propeilants
in the single perforated cylindrica? geometry, an effort was made to
increase peak pressure by increasing initial burning surface area.
Since % hining thinner web cylinders was impractical, it was decided
to employ discs sliced from solid rods of propellant.

in this geometry, disc thickness became the web., Discs
0.125 in., J.650 in, and 0.040 in. thick are shown in Figure 2 (4, B,
and C, respectively). These webs were employed in the initial test
firings of AN 583AF composite propellants in this geometry. The pro-
pellants were fired in the seme system as the cylindrical grains.
M5 double base was fired for comparison. Data are shown in Tabie 2.

TABLE 2,
Ballistic Data, M38 Cartridge with Propellant
of Varied Disc Thickness

Peak Ignition

Charge Web Pressure Delay
Propeliant {(gm) {(in.) (psi) . (ms)
M5 (astandard) 2.80 .039 930 17
2.80 0.039 9c) 17
2.80 0.039 1020 18
AN 583AF (disc) 2.40 0.040 6520 16
- 2,40 0.060 500 1§
2.34 0.125 290 30

Peak pressures of the composites were lower than those of
the double base, but the dependence of peak pressure on burning web
thickness of the discs was demonstrated., Lower peak pressures were
again attributed to a combination of slow burning rate and reduced
charge weight of the AN 583AF propellant.

13




The second series of firings of disc geomvtries was conducted
with four composite propellants different from thnse previerisly fired.
These were obtained in specified formulations of faster burning rate.
Three of the propellanta (GCR 400, GCR 700, and ANR 27535I) were experi-
mental formulations, extrudable in smsll diameter rods {Figure 6.) The
fourth (ANT 623) was a castable composition which required machining to
rod form. Discs of propellant 0.040 inch thick were cut from rods 0.1
and 0.2 inch diameter, and the firings in M38 ccrtridges were repeated.
Again, M5 double base was fired for comparison. Data obtained are
shown in Table 3.

Heg 36.231.52350/0RD.61
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Figure 6. Solid Rod Extrurions, Composite Propellant

It can be seen that the performance of the doubl: base propel-
lant in the M38 cartridge/M3 initiator system was met by the composite .
propellants tested in the disc geometry configuration.

Accther gerieg of firings was held to determine the repxo-
ducibility of the previous performance. This series included both re~
peat firings of the previous disc composite propellsats and firings with
additional propellants., The latter imciuded Axcitz 406, 3 composite
cast into small rods of 0.1 and 0.2 inch diameter; GCR 310 propeliant,
an extrudabie composite containing lithium perchlorute oxidizer; and GCR
701, an extrudabie composite containing an experimental burning rate

14
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TARLE 3,
a, M38 Cartridge with Prope .nt
of J.05%0 imch Disc Thickness

; Charge Peak — Timé4§ms%
T, Weight Web 0.b. Pressure Ie..ition
: Propelisnt {gm) {in.} o) {psi) = __Delay  Rise
M5 (standard) 2.3 0.039 - 880 17 21
2,8 0.03% - 939 16 20
; GCr 400 2.5 0.040  0.20 1040 14 15
o 2.5 ¢.040  0.20 1020 13 19
: 2.5 0,066  0.10 960 15 17
2.5 0.040  0.10 1010 15 20
GCR 7002 2.5 0.040  0.10 1015 13 16
: 2.5 0.040  0.10 920 10 139
ANT 6232 2.5 0.060  0.10 930 13 19
2.5 6.050  0.10 980 11 21
- ANR 2753B1% 2.5 0.045  0.20 950 13 19
2.5 0.040 0.20 980 13 19
- 2.5 0.040  0.10 1030 13 19
2.5 0.040  0.10 1050 13 16
*pisc. . >

additive. These three propellants wc- ~ sliced into 0.040 inch discs,
similer to the others. Begitning witi. nis series. firings were held
in the M73 cartridge (replacement for the M38) ia the identical M3
initistoy ballistic test system. Results are shown in Appendix IX,

The original propellants (fived in the previous series)
&gain equalled the standard M5 double base charge, but the peak pres-
sures for Arcite406 were erratic and for GCR 310, low. Due to the
varied ballistics obtained with Arcite 406 sad GCR 310, these propel-
lants were refired in triplicate for each disc sizr, Data obtained
* sre shown in Table 4, :

()

: Peak presgures were higher for Arcite 40/, but were still

. - low for GCR 310. In the midst of these firings, uther examination in

: the laborstory £ztected undesirable characteristi~s in these two pro-

& pellants. When eZposed to ambient conditions, GCR 310 propellant was
found to be scmewhat hygroscopic, resulting in oxidizer crystal growth
on the surface of the propeilsnt. As & vesult of this, plus substandard
ballistics, no further wirk was done with GCR 310, In the case of Ar-
cite 406, a considerable number of grains were found to be porous. This

- porogity spparently hud not been detected by the 100 percent X-ray in-

- gpecticn required of the smail rod castings. PFurthér firiangs of this
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propellant were done with hand-culled discs, but since there was &
possibility of undetected porosity, the data were discarded. (The
manufacturer of chis propellant later developed an extrusion process
for Arcite propellants, but none of these extruded Arcites were ob-
tainable at the time of this work.)

TABLE 4.
Ballistic Data, Repeat Firings of
Arcite 406 and GCR 310 Propellant Discs in M38 Cartridge

Charge Peak Rise (ms)
Weight Web 0.p. Pressure Ignitiea
Propellant {gm) (in.} (in.) (psi) Delay Rise
M5 {standard) 2.85 9.039 - 1050 14 23
2.85 0.039 - 1250 23 25
Arcite 406% 2.5 0.040  0.10 880 15 20
2.5 0.040 0.10 1000 14 18
2.5 0.040 0.10 1050 16 14
2.5 0.040 0.20 980 14 21
2.5 0.040 0.20 1036 13 16
2.5 0.040 0.20 1086 15 19
cer 3100 2.5 £.C40  0.10 620 23 15
2,5 0.040 0.1C 760 19 20
2.5 0.040 0.10 850 16 20
apisc

Graphite-costed Disc Geometry

Small nitrate ester propellant grains ia gun geometries are
usually graphite-coated to promote free flow and prevent electrostatic
charge build-up during loading cperations., The increased lubricity
allows greater packins density in cartridge caseg, The cmall composite
propeliant disc grains were boing evaluated without coeting. Tke
freshly cut discs showed some resistance to flow and difficulties were
encountered in loading cases with the desired charge weight. Quanti-
ties of small composite grains in both 0.1 and 0.2 inch diameters
were coated with graphite to approxzimately 0.5 percent by weight.

Two samples are shown in Pigure 7. Experimental loadings with these
grains showed thst up to ten percent increased packing could be at-
tained in the M73 cartridge over that with uncoated grains,

Test €irings were held to determine if ignition delay,
rise time, and peak pressures would differ from previously fired un-
coated composites., Charge of 2.5 and 2.7 grams of graphite-coated
propellant and one gram of black powder were loaded in the M73

16
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Base Grain Graphited
0.1 inch 0.D. Composite Grains

Base Grain Graphited

0.2 inch 0.D. Composite Grains

Figare 7. Graphite-coated Composite Propellant Disc Grains
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cartridge case. The 2.7-gram charge weight was previously unattain-
able, Firings were done in the M2 initiator test system. Data are
shown in Appendiz X.

Ygnition delay, rise time, and peak pressures were not ad-
vergsely affected by the graphite coating. A general increase in peak
pressure with the added 0.2 gram of propellant cherge can be seen for
each composite propeliant. In the case of GCR 701, this resulted in
a more &cceptable peak pressure level, and the Z.7-grar charge for
the M73 cartridge was nsed for all additional work with this propellant.
For the remminder of the composite propellants, 2.5-grom charges were
continued. All further firings employed graphite-coated grains.

Firing of Composite Propellants
Exposed from -65° to +400° F

Sipce it had been demonstrated that composita propellants cculd
match the ballistics obtained with nitrate =ster propellants in the
M73 cartridge, an evaluation was then undertaken of the composite pro-
pellants exposed to low and high temperatures. ANR 2753B1, GCR 400,
GCR 709, =32 SCR 701 propellants were fired at -65° F in the M73 car-
tridge/MS imitiaZor system. Peak pressure, ignition delay, and rise
times (Appendix X3) showed little or no differénce from previous am-
bient temperatiire firings.

High tempssature exposures of the composite propellants in the
graphite-coated disc geometry were conducted st 400° P, in accordance
with the objectives of the program.

B73 cartvidges, loaded with Arcite 406 propellant, were exprsed
at 400° F for tuws- and four-hour durstions, in lots of five, During
each of the conditioning periods, at least one or two of the cartridges
exploded in the oven. When the remaining cartridges were fired at
ambient tempersture, pesk pressures varied from the 90u psi level for
the 400° F/2 hr exposures *o 400 to 500 psi for the 400° F/4 hr exposures.
As a result of thzse data, together with the previously described grain
perosity, no further work was done with Arcite 406 propellant.

¥73 cartridges, loaded with GCR 400, GCR 700, and GCR 701 propel-
isnts and black powder igniter, were conditioned at 400° F for two-
and four-hour periods and fired at ambient tempersture. Unheated M5
double baze charges were fired for comparison. Firing data are shown
in Appendix XII. Although all firings were within close ballistic
linite, severzl pesk pressures had dropped tc the 800 to 900 psi level,
paxticulerly among the 400° F/4 hr exposures.

18
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When 400° F/4 hr exposures were repeated, one GCR 400 and one
GCR 700 cartridge ignited in the oven between the third and fourth
hour of heating. When exposures of GUOR 400, GCR 700, and GCR 701
propellants were extended to six and eight hours at 400° F, no auto-
ignition occurred. When the cartridges were fired, peak pressures
were generally satisfactory, but a few rounds dropped to the 600 to
700 psi level.

DISCUSSION

Exposure of Nitrate Ester Propellaats to High Temperature

In the previous report on this work, autcignirion tests had shown
clearly that propellants based on the -0-NO, linkage could not survive
at 400° F without autoignition. The experiments in this report, both
ballistic evaluatiorn and laboratory examination, serve to point out
the rapidity of deterioration of these propellants, even at tempera-
tures of 225° and 250° F, It is significant that no data could be ob-
tained on the nitrate ester propellants heated in seaied PAD cartridges
at 275° F becausc cf the rapidity of decomposition and autoignition
during the heating pericds of one or two hours.

The conclusion {originally based on autoignition time vs tempera-
ture data of the previous report) that single base propellant (M10)
had slightly longer life at high temperature thaan double base propel-
lant (M5 and M2) was verified by dats obtained herc. When compared in
the same ballistic system, peak pressures of the heated single base
propellant began to decrease after longer induction periods thaz simi-
larly heated double base propellants. Alsoc, laboratory measureaents
showed that the single base propellant lost weight and evolved gas at
@ slower rate than the double base propellants,

It should be noted that the quantitative results of the weight
loss, nitrogen coatent of nitrocellulose, and gas evolution measure-
ments, as conducted here, would be expected to differ from similarly
conducted experiments where propellant was heated while exposed to
the atmosphere.

The data collected here are of propellant as it wouid be actually
sealed in a production PAD cartridge. By specification, the cartridge
seal is required to withstand 14 psi pressure differeatial. The re~
sult is that the propellant is more or less ™ccoked under pressure"
vhen heated, and cooled to ambient conditions when examined. The
over-all effect is faster deteriorstion since, for nitrate ester pro-
pellants, it is well known that the decomposition rate will be accelex-
ated if the products of decomposition remaim in co~tact with the

19
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propellant under pressure. Individually, the weight loss data are
affected in that products which are volatile at heating temperature
are trapped within the limits of the seal and may conderse when the
cartridge is cooled. Tne nitrscellulose nitregen and evolved gas
data are affected in that they sre dependent con-the decomposition
rate and subject to change as the pressure builds up within the car-
tridge with heating time.

Ballistic Feasibility of Composite Propellants in
PAD Cartridges

Firings of the composite prcpeliznts in the M73 cartridge/M3
initiator system demonstrated that, with the proper gecmetrv, the
ballistics obtained with the nitrate esters could be matched. How-
ever, in the process of achieving this result, several gaps in pro-
pellant technology were made evident. Primarily, in the search for
composite propellants for this application, it was found that the
technology did rot exist ameng the major sources of composites for

xtrusion into very small monoperforated cor multiperforated gun type
grains. Contact with the =major composite propel:izant producers es-
tablished that requirements for ccmposite propellants in such small
geometries simply did not exist anu, as far as was known, this was
the first request.

Al#tough the ballistics of a PAD device using a standard double
base propeilant grain were me{ htere by the disc gecomeiry, this solu-
tion is far from optimum for the wide range of PAD devi:es. The
disc geometry is too limited for osther pressure-time curves which
require a greater degree of progressivity or, for that mitrar, any
application which requires smal’. grains in other than solid cylin-
drical form.

Another gap which appeared was the lack of informatisn on bumm-
ing characteristics of composite propallants in the higher pressure
ranges at which most PAD devices cperate, Because of th:zir applica-
tion, laminar burning rate data for nitrate ester gun propellaats
are avsilable up to the high pressures developed in gun rhambers.,

By comparison, similar data for composite propellants are uvsuzlly de-
veloped only up to 2000 psi, a pressure above which rocket mctors are
rarely designed to operate. Straight 1ine extrapslation of composite
propellaunc burning rata data to higher pressures is cpen tc questiom.
For the M73 cartridge/M3 iaitiator system, which operates at approxi-
mately 5000 psi in the iniriator chamber, this lack of data necessi-

tated a trial-and-error approach.

Firings of the corposite propellants at -65° F resuited in peak
pressures of the same level as obtained with firings at ambient
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temperaturc (70° F). One phencmenon looked for was possible embrittie-
ment of propellant binders at low temperature, vesulting in grain
fracture at igniticn and unusually high pressures as a result of the
increased surface area, There was nc evidence that this occurred.

Experience with the cariridges of composite propellants exposed
to 400° F indicates that the condition of these particular formulations
is marginal after two hours at 400° F. Evidence of this is in the pre-
mature ignitions in the oven between three and fours hours at 300° P
and the clight lowering in peak pressures of those cartridges which
survived four hours at 400° ¥. The iguitions in the oven are at vari-
ance with autoignition data previously reported fcr these propellants.
However, the marginal thermal stability of ammonium perchlerate in the
range qf_400° F has been reported in Reference 1 and other investiga-
tions.”’” The greater thermal stability of potassium perchlorate over
ammonium perchlorate in similar propellant binders was also showm.

In summary, the development of extrudable compesite prspellants
employing potassium perchlorate oxidizer was indicated to meet the
high temperature objective of the program.

CONCLUSIONS

1. The extent of nitrate aster propellant deterioration under high
temperature conditions short of autoignition was measured by both bal-
listic firings in a standard propellant actuated davice system and by
examination in the laboratory. These propeilants degraded rapidly at
temperatures of 225° F and 25G6° F. The nitrate ester propellants (single
or double nase) are not suitable for PAD cartridges for 400° F resistance.

2. The ballistic feasibility of substituting composite propellants for
nitryte esters was demonstrated in a siandard propellant accuated device
systum, the M73 cartridge/M3 initiator. This required hand~tailoring

of prapellant grains iimited to a simple disc geometry. The technology
for extruding small gun *ype compcsite propellant grains did nmot exist
smong the major socurces of composité propellants because of no previous
requirement for such an item.

3. The disc geometry composite propelliants emploving ammonium percnior-

ate oxidizer performed well st -65° ¥, but were marginal efter two hours'
exposure at 400° F.

21
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RECOMMERDAT IONS

As a result of these studies, it is recommended that efforts be
continued for the development of composite propellant compositions
capable of reljable performance after withstanding -65° to +400° F
soak temperatures. These compositions should employ potassium per-
chlorate oxidizers.l Also, these compositions should be capable of
processing by commercially feasible methods (i.e., extrusion) imto

small gun type greins, including both amcnoperforated and multiper-
fuyrated geometries.
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APPENDIX I

BALLISTIC DATA, HIGH TEMPERATURE-EXPCSED M5 PROPELLANT
IN M73 CARTRIDGE/M3 INITIATOR SYSTEM

Firing temperature: 70° F (ambient)

Peak Pressuvre Time (ms)
Exposure (psi) Ignition Delay ‘Rise
Unheated control 1060 16 21
225° F/4 hr 1060 15 20
960 14 20
1070 16 23
1070 16 23
1000 15 23
225° F/6 hr 1070 16 23
103G 18 23
970 18 23
970 18 25
1116 16 21
Unheated contrcl 1020 11 29
225° F/12 hr 10280 20 29
1050 13 30
1060 13 17
990 13 30
950 13 29
Unheated zontrol . 930 13 30
225° F/16 hr 990 11 29
870 i1 31
950 15 25
969 14 24
5§50 11 29
Unheated control 870 15 28
225° ¥/24 hr 1070 13 25
G50 10 30
930 15 25
918 13 26
S60 9 28

DR

W tenwerrn Tereseetnenen




A P S S R S Ny N ———

Exposure

Unheated control

225° F;48 hr

Unheated contr-~1l

225° F/72 hr

Unheated control

225° F/96 hr

Unheated control

225° F/120 hr

Unheated control

225° F/144 hr

Unheated control

Peak Pressure

{psi)
941)

850
880
850
860
820

1020

540
640
680
610
680

890

650
680
A 20
570
a

900

190
670
680
420
330

970

260
630
590

10
530

980

8o record; range malfunction.
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26

Tine {(ms)
Ignition Delay Rise
13 26
14 24
14 21
14 23
14 24
14 28
13 24
20 25
16 24
20 28
13 20
10 24
16 25
20 20
15 24
20 25
18 25
18 24
38 40
15 20
13 20
25 25
26 29
18 15
25 20
14 1¢
18 19
15 20
18 18
20 20




Peak Presgsure Tine (m8) —_
Exposure (psi) Ignition Delay Rise

250° F Exposures

Unheaved control 980 15 23
: 250° F/4 hr 900 16 20
1030 14 21
1110 14 19
1070 16 21
940 18 21
: Uaheated control 1170 18 20
250° F/6 hr 1180 14 21
1270 16 20
1140 18 21
1010 i8 23
1060 18 20
Unheated control 970 18 15
i 250° F/8 hr 8ood 16 20
900 16 25
1000 23 n
950 14 P
930 15 20
Unheated control 1160 13 25
250° F/10 hr 780 20 23
920 18 24
840 13 29
870 13 18
990 13 19
Unheated control 1140 15 0
) 250° F/12 hr 760 10 20
; 740 10 33
E 700 15 20
820 15 18
- 790 13 19
bSee text, page 6:
27
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Exgosure

Unheated control

250° F/14 hrb

bsee text, page 6.

~

Feak Pressure

{psi)

1210

810
1130
1130
1070
1080

870

920

990
1040
1080

28

Time (ms)

Ignition Delay

13

16
14
12
i2
11
12
14
11
14
12

* Rise

———

26

30
21
19
29
21
29
29
.22
21
21
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1020 15 17
1040 15 21
1010 ©13 17
890 14 20

225° P/48 hr 900 14 22

1000 14 22

3 o 840 18 27
| ' 910 15 17

1020 18 16

1040 1% 17

i 950 15 23
i - a

90 16 16
i 940 15 25

980 15 20
1100 16 19
1010 16 22

940 14 15

970 14 15

-

o v
)

225° /72 br .84 13 23
: 800 14 22
: 740 13 25
$30 11 15
920 13 14
790 15 21

- R - -
820 15 20
710 14 20
930 16 21

8Migfired.
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: APPENDIX II -
BALLISTIC DATA, HIGH TEMPERATURE -EXPOSED M2 PRUrELLANT
’ IN M73 CARTRIDGE/M3 INITIATOR SYSTEM
‘ . Firing temperature: 70° F (Ambient)
Peak Pressure Time (ms)
. Exposure (psi) Ignition Delay Rise
- Unheatcd contrel 1070 13 20
1110 15 21
T 1210 14 17
) 1140 14 16
] 1060 14 19
o 225° F/24 hr 1070 13 21




LT

W,

Exposure
225° F/96 hr

225° F/120 hr

Unheated control

225° F/24 br

AMisfired.

Peak Piossure

Time

{ms)

{pei) Ignitjon Delay Rise
860 i0 15
700 11 i7
720 11 16
690 12 19

- 2 - -
840 13 3
520 13 is
610 13 18

880 10 i%
510 15 11

-2 - -

800 1L 11
760 15 11
680 16 11
640 17 2
820 16 i1
500 17 17

225° F Repeat Exposures

1130 15 17

1080 is i8
910 14 18

1040 14 19

1080 14 16

1040 17 15

1090 13 16

1010 13 21
970 1é 19

1040 12 20

1080 12 17
70 14 20

1060 13 17
990 14 19

1000 16 19
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Peak Pressure Time (ms)

Exposure {psi) Ignition Delay Rise
225° F/48 hr 860 13 16
-4 - -

940 14 18

940 12 14

1010 12 16

930 13 13

500 12 14

940 14 16

S80 13 14

990 13 17

225° P/72 hr 810 12 19
700 14 25

730 14 17

740 15 16

740 14 17

890 11 15

980 12 12

850 12 16

840 11 15

799 13 18

225° ¥/96 hr 920a 11 13
820 11 14

- a - -

640 13 21

680 13 1€

-4 - -

620 12 22

225° F/120 br 520 15 16
510 14 17

630 13 18

520 14 18

640 i1 16

590 12 13

500 14 14

5330 13 14

560 14 14

770 11 - 15

Misfired,

31
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225° F/144 hr

Unheated control

250°

250°

25¢0°

250°

Exposure

F/2 hr

¥/4 hr

¥/6 hr

F/% hr

4

Peak Pressure e Time (ms)
{psi) Ignition Delav Rise
500 12 19
690 11 i5
490 15 16
440 14 16
540 12 16
430 15 20
430 15 16
570 13 16
320 13 19
520 i4 17

250° F Exposures
1260 15 17
1120 14 17
1269 14 17
1220 16 16
1140 14 18
1240 13 16
1240 14 19
1110 14 16
1060 15 18
1170 15 19
1050 15 17
1110 13 17
1090 14 16
1110 13 17
1140 15 17
1140 15 17
1100 14 18
1140 14 17
1160 12 14
1090 14 18
1190 13 20
1100 13 14
1109 12 15
1080 12 17
930 22 17

32
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APPENDIX I1II

BALLISTIC DATA, HIGH TEMPERATURE -£XPOSED M10 PROPELLANT
IN M73 CARTRIDGE/M3 INITIATOR SYSTEM

Piring temperature: 70° F (Ambient)

ST .

'

Peak Pressure Time (ms)
Exposure {psi) Ignition Delay Rise
Unheated control 890 16 20
970 16 18
930 1- 20
990 15 19
870 15 20
225° F/12 hr 980 15 i8
860 15 19
900 28 18
920 15 18
920 14 19
225° ?/24 hr 1040 16 18
97 17 19
880 17 20
940 i6 19
1080 14 20
225° F/48 bhr 900 16 20
820 14 22
840 27 23
840 14 21
930 17 21
225° ?/72 hr 840 31 20
970 17 21
840 29 26
960 17 24
890 1% 21
225° F/96 hx 8Co 17 23
750 16 24
840 16 24
-a - -
390 16 23

Misfired,
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Exposure
225° P/120 hr

225° F/144 hr

225° F/168 hr

2z5° F/192 hr

225° F/216 hr

qMisfired.

Peak Pressure

(psi

)

660
610
640
670

510
440
400
390
520

330
430
490
510
420

440
240
430
470
440

330
380
540
300
480

a

Time (ms)

.

Ignition Delay Rise
16 28
18 32
17 27
18 30
14 48
15 31
19 43
19 36
19 32
15 38
17 43
16 38
17 30
17 44
14 50
14 35
15 38
15 31
16 32
i2 33
13 34
16 35
16 42
16 28
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APPENDIX 1V

WFIGHT LOSE vs TIME,
NITRATE ESTER PROPELIANTS AT 273° F

Weight Loss (%)

Exposure Time

(hr) M3 Propeilant M2 Propeilant M1C Propellant

24 7.2 3.4 1.2

48 i1.2 12.2 0.5

72 24.8 1.4 1.7

%6 30.6 24.2 2.2

120 39.2 26.7 5.4

144 - 32.5 .8

168 - - 10.5

192 - - 11.2

216 - - 18.1

NOTE: Propellants sealed in M73 cartridge (see DISCUSSION) .




APPENDIX V¥

NITROGEN CCONTENT OF NITROCELILITOSE FROM
PROPELLANTS HEATEv AT 225° F

M5 Propellant M10 Propeliant
% Nitrogen in % Nitrocellulose % Nitrogen in
Exposure Nitrocellulese Recovered Nitroceilulose
Unheated control 13.2% 2% 13.2%
225° F/16 hr 13.0 81 -
225° F/24 hr 12.9 78 12.6
225° F/48 ar 12.5 76 -
225° F/72 hr 12.1 iz 12.6
225° F/96 hr 12.0 62 -
225° F/144 hr 11.5 53 12,0
225° F/216 hr - - 11.4

aOriginnl propellant composition.
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APFENDIX VI

MAJOR GAS COMPCHENTS,?
HXATED M73 CARTRIDGES CONTAINING M5 PROPELLANT

Moles Percent

sure 02 02

Dry aird 20,98 0.03
Unheated control

A 20,0 0.0

3 22,5 0.2
225" /16 by

A 0.9 51.2

3 0.0 46.46
225° P/ ar

A 0.0 30.6

} ] 0.0 34.5
225° T/48 hr

A 0.0 40,7

3 0.C¢ 35.%
225" ¥/712 br

A 0.7 58.1

3 0.0 40.4
225° P7/96 hr

r'y 0.0 50 &

3¢ - -
225* 2/120 nr

A 0.0 56.3

B 0.0 67,7
225° /144 br

a 0.0 55.0

2 0.0 49.3
2%0° ¥/2 Br 0.0 7.9
50° 774 o~ 0.0 3.9
250* F/8 nr 0.0 5.3
250° /16 hr O 3.2
255 ¥/l mx 0.0 1.4
275° /2 ux 0.2 22,2

SArgon, H30, and trace quantities
Mypicsl analysis for comparison.
. €Paulty sawple due to leak,

O,

[=3)

won
-

1.6
.0
6.7
10.4
L X3

11.0

of impuriticn omitted.

0.9
1.0

12.8
&.1
1.2
3.9
6.7
3.5

10.3
8.6

10,1
8.0
8.0
9.4

11.5
8.3
3.6
6.7

.H]

78.09

76.7
16.1

33.5
335

46.6
46.0
30.3
&7.7
0.2
31.7

Gas at STP
(nl)
———,

ot put
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APPENDIX VII

MAJOR GAS COMPONENTS,*

HEATED M73 CARTRIDGES CONTAINING M2 PROPELLANT
Moles Percent
Exposure [ €02 CO RO L N2

Pry afrP 20.95 0.03 - - - 78.09
225° F/24 br

A 0.0 43.4 6.3 3.8 11.5 33.8

B 0.0 41.7 7.7 3.5 111 34.5
225° F/48 hr

A 1.2 52.9 3.0 0.2 18.3 28.0

B¢ - - - - - -
225 F/72 br

A 0.2 63,3 1.9 0.3 14,6 19.6

3 0.5 59.2 2.4 0.5 14,5 21.6
225% F/96 br

A 0.0 62.6 2.4 0.5 .5 20.3

B 0.3 60.C 2.2 0.3 2.1 22,0
225°F/120 br

A 0.0 62.0 2.2 0.7 12.5 22,2

3 0.4 58.8 3.1 0.2 12.4 5.0
225° P/144 or

A 0.0 30.1 10.8 0.5 3.6 55.8

BC - - - - - Y
250° #/2 ke

A 0.0 2.0 9.2 13.0 4.1 48.0

B 0.1 21.1 8.1 12.0 3.3 45.6
250° F/4 hr

A 0.0 36.0 9.6 7.5 5.8 42.3

3 0.9 3z.8 .7 7.8 4,7 45,5
250* ¥/6 hr

A 0.9 8.2 13.8 0.0 0.4 76.4

BS - - - - - -

SArgon, 20, and trace qusatities
{ical analysis Sor comparison.
Craulty ssmple due to leak.

of irpurities omitted.

Gas at STP

18
18

77

82
> 100

>100
>100

>100
>100

43




i APPERDTX VIIT
MAIOD £AC ormpowzvs &
:’E dEATED M73 CARTRIDGES UONTAINING Mi0 TROPELLART
¥ Moies Percent Gas at STP |
1 Exposure Q2 . (2] 4] ED) jifas N2 (=l1)
: Dry air® 20.95 0.03 - - - 78.0% -
[ 225° F/16 hr
A 5.4 4.6 4.9 0.5 Y4 83.8 2
B 6.1 3.3 8.2 0.0 0.5 83.8
225* F/24 hr
- A 0.1 7.0 7.9 0.3 . 82.2 1
B 0.2 6.7 7.3 C.1 1.8 82.6 i
2 -
- 225° F/48 ke
A 1.5 7.9 10.3 Q.r 8.5 8.5 -
: 3 ¢.0 8.7 16,7 1.8 0.3 72.1 =
1 225° ¥£12 hr !
A c.2 9.0 13.3 0.1 1.1 a.l 3
s - - - - - - -
225 F/96 hr
A 0.0 12.2 2. 0.3 .9 ool g
B 1.1 7.9 12.8 0.2 2.7 7B.3 5
225° F/120 hr
A 0.0 16.3 8.4 O. L0 5.9 15
B c.3 9.0 .5 8.0 2.8 73.5 11
225° F/14k hr
A 0.5 113 15.3 0.1 2.8 7148 10
3 0.5 2.1 14.6 0.2 8.7 .8 12
225° F/168 kr
3 A 5.3 16,5 13.8 6.3 3.6 £7.3 g
3 B 0,2 10.¢ 15 0.1 2.7 71.3 12 ]
225° ¥/192 br
A 0.0 18.7 15.3 0.7 1.5 63.1 21 ]
B c.0 1%5.0 15.2 0.7 1.3 63.3 o1
g 225° F/216 hr .
F A 0.0 20.6 15.2 0.7 1.8 81.9 21
B 0.1 6.1 17.2 0.5 0.9 56.3 12
3 250" #/4 hr
3 A 4 7.3 7.5 0.0 1.4 81.6 2
“ B 3.3 6.2 7.7 9.9 1.2 81.0
250° F/8 hr
A 0.0 11.2 9.2 .5 2.1 71.2 4
hd B 0.1 8.5 10,1 1.8 1.7 7.7 3
275° F/2 hr
A 0.9 11.2 12.0 3.1 1.9 7.1 [
- 3 0.0 18,1 1.1 4.3 1.9 67.7 Y
2Argon, H0, snd trace quantities of ixpurities ordsted. 3
b‘rypical anslysis for cowparisom.
Creulty sswple due to leak. 3

)
1
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Propellant
M5 (siandarad)

AT 923

ANR 2753BIX

Arcite 406

GCR 400

GCR 310

GCR 700

GCR 701

APPENDIX IX

BALLISTIC DATA, DISC COMPOSITE PrOPELLANT
IN M73 CARTRIDGE/M3 INITIATOR SYSTEM

Charge
Weight

)
2.8

RN NN
¢« & e
s n

RPN NN [ SI N
e o « s o o “«
(VRO RV RV, Luwvnwuw [V, ¢ )

Avg

Web 0.D.
Un) (oo
U .03 9 -
0.039 -
0.040 0,10
0.040 0,10
0.040 0.20
0.040 0.20
0,040 0.1¢
0.040 0,10
0.340 0.20
0.040 0.20
0.040 0.10
0.040 0.10
0.040 0,20
0.040 v 20
0.u40 ¢.1
0.040 0.1C
0.040 0.10
0.040 0.10
0.040 0.20
9.040 0.20Q
0.040 .10
0.040 0.10
0.040 0.20
0.040 0.20

40

e ———— 2 S s e o e

Pagk Time (ms)
Pressure Ignition
{'si) Delay Rise
1010 15 21
1.10 13 20
1030 10 16
1050 13 15
1040 13 15
1020 10 16
640 18 14
870 15 16
890 i5 20
890 16 18
1040 16 15
1140 14 18
1210 14 13
1170 15 14
£330 21 23
690 15 20
860 11 18
920 10 18
860 15 16
840 18 15
880 i is
900 15 14
8%0 15 20
890 15 20




APPENDIX X

BALLISTIC DATA, GRAPHITE-COATED DISC COMFOSITE PROPELLANT
IN M73 CARTRIDGE/M>® INLTIATOR SYSTEM

: Charge Avg Pesk I{ime (m3)
; Weight Wed 0.D. Pregsure Ignition

: Propellant (g=m) (in.) (in.) {psi) Delay Rise
- 1S (standard} 2.8 0.039 - 1080 15 23
N 2.8 0.039 - 1350 18 23
: 2.8 0.039 - 1240 21 18
: 2.8 0.039 - 1240 18 20
£ 2.8 0.039 - 980 29 18
: 2.8 0,039 - 1160 18 23
1 GCR 400 2.5 ¢.040 0.10 1260 15 13
2.5 0.040 0.10 1160 15 19
2.5 0.040 0.10 1060 25 18
2.7 0.040 0.10 1220 18 18
2.7 0.040 0.10 1420 15 18
2.7 0.040 0.10 1500 18 20
2.5 0.040 0.20 1260 18 18
2.5 0.040 0,20 1280 15 18
2.5 0.040 0.:0 1290 14 19
2.7 0.040 0.20 1450 15 18
3 2.7 0.04C 0.20 31400 15 20
i 2.7 0.040 0.20 1380 16 19
: GCR 700 2.5 0.040 0.10 1030 18 20
£ 2.5 0.040 0.10 1100 15 3
| 2 2.5 9.060 0.10 1110 18 20
: 2.7 ¢,048 0.10 1400 15 18
2.7 0.040 0.10 1420 12 21
2.7 0.040 0.10 1340 16 18
2.5 0.040 0.20 1290 11 24
2.5 0.040 0.20 1280 15 26
] 2.5 0.040 0,20 1280 13 20
: 2.7 0.040 0.20 1410 , 15 18
: 2.7 0.040 0.20 1330 15 18
; 2.7 0.140 0.20 1320 15 20

GCL. 701 2.5 0.040 0.10 880 14 :
2.5 0.040 0.10 770 15 18
2.5 0.040 0,10 970 14 16
2.7 0.040 0.10 1050 15 19
2.7 G.040 0.10 1040 15 20
2.7 0.040 0.10 1110 18 15
. 2.5 G.040 .20 970 20 20
; 2.5 0.040 0.20 900 2 20
; 2.5 0.040 0.20 830 20 23
H 2.7 6.040 0.20 -3 - -
» ) 2.7 0.040 0.20 960 18 23
g 2.7 0.040 .20 990 2 20
4 8Range malfunction.
I
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BALLISTIC DATA, COHMPOSITE PRUPELLANTS
IN M72 CARTRIDGE/M3 INITIATOR SYSTEH

Piring temperature: -65° F (low)

Propeilsnt
ANR 275381

GCR 400

GCR 700

GCR 701

“harge
weight

(gm) .-

2.5
2.5
2.5
2.5
2.5

*« o @

NN NMNDNRON NN
[

L LLubLLLLLn

*

* L3

MDD N
.
wnunmunwn

.« o @ ” e e

NN NON
.
e B NN R R

APPENDIX

L1

Avg Peak Time (ms)
Web 0.D. Pressure Ignition
(in,) (in.} . (psi) Delay Rise
0.040 0.20 1360 13 16
0.040 0.20 1120 11 18
0.040 0.20 1190 11 18
0.040 G.20 1050 14 19
0.040 0.20 1100 13 19
0.040 0.10 1190 16 20
0.640 0.10 1216 16 15
0,040 6.10 1170 15 .8
0.040 0.10 1110 16 16
0.040 0.10 1110 16 18
0.040 0.20 1300 13 18
0.040 0,20 1120 14 18
0.040 0.20 1150 14 15
0.040 0.20 1070 16 18
0.040 0.20 1130 15 15
0.040 0.10 1040 15 15
0.040 0.10 1100 14 18
0.040 €.10 1220 14 19
0.040 0.10 1040 14 19
G.040 0.10 1950 15 13 .
0.040 0.10 124¢ 13 i6
0,040 0.10 1170 13 19
0.040 .10 1130 13 13
0.040 G.10 1150 15 19 -
0.040 0.10 1180 i4 19
0.040 0.20 11730 15 - 23
0.040 0.20 1120 15 24
0.040 9.20 1050 15 25
0.040 0.20 1010 18 23
0.040 0.20 960 i8 21
42
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APPENDIX XiI

BALLISTIC DATA, MICH TEMPERATURE-EXPOSED COMPOSITE PROPELLANT
IN M ' CARYTRIDCZ /M3 INITIATOR SYSTEM

Firing temperature: 70° f (2=bient)

Peak Time (we)

Yzh 0.0 Pressute Ignstion
Propeilant {in ) {in.} Exposure {ps) Delay Rise
M5 (standerd) - - Unhvated 1440 18 20
- - " 1130 15 1%
- " 132¢ 19 23
- " 1330 15 20
- - " 110 'S 20
CCR 400 0.040 [ 400" F/2 hr 1189 16 19
0.040 .10 G007 ¥/2 hr 1130 1% 20
0.00 <. 10 A00" F/2 hr 1030 15 18
3.0 C.10 400° F/:z hr 1030 16 23
0.640 .10 <00 F/2 hr 1010 15 20
0.040 .20 «00* F/2 hr 1200 15 19
0,043 0.20 400° 772 hr 1140 15 20
0.030 0.2 400" F/2 br 1130 15 20
3.0%0 0.2 400° F/Z hr 109¢ 15 20
0,040 0.20 400° F/2 hr 1100 19 16
GCR 700 0.040 0.10 4007 F/2 br 88¢ 16 19
9.040 0.0 400° ¥/Z br - - -
0.049 0.1¢ 490* F/2 hr 1110 13 18
9,040 0.1¢ 400 F/2 hr 1050 15 18
0.040 0.0 400° F/2 kr 107¢ 18 15
0,040 0.2 300" F/2 hr 1040 13 18
0.040 0.20 400° F/2 ur 1970 15 18
0,063 0.20 A00% F/2 hr 1950 1w 18
0,90 ©.20 L00* F/2 hr 1160 1} 13
£.050 C.20 S0C* ¥/2 hr j3814) % i€
[ 3 131 0.040 2.10 400° F/2 thr 1210 13 15
0.050 0.10 480° ¥/2 hr 129 13 19
0,040 c.10 <00° F/2 ke 1150 10 19
0.040 0.10 «0G* F/2 hr 1150 ie 1%
0.040 0.10 400 F/2 hr 1240 13 1s
0.040 0.2 400 F/2 he 1130 18 F3Y
0.0%0 0.20 «00* F/Z hr 1112 H 25
.00 0.2 400° F/2 hr 1196 19 21
0.040 ¢.20 L00° 772 hr 109%¢ 19 19
0.040 0,20 400° F/2 nr 1120 t9 21
GCx 400 0,040 .10 400* /% hr 1040 i€ 18
0.6%0 0.10 420" F/4 br i0l10 i8 20
0,042 0.10 400" F/é4 br 950 20 20
0.040 2.10 400° F/4 hr 1010 19 20
0,040 .10 400" F/4 Br 1010 18 13
0,040 9.20 400 F/4 hr 105G 19 it}
0,040 0.20 400° ¥/4 hr 1000 14 13
- 0,050 6.0 490° F/4 hr 1040 19 20
0,040 0.20 400" F/4 hr 1120 18 15
9,040 0.20 A05° P/ hr 1120 18 1
o X 0.030 9.10 400° F/4 bx 960 18 13
- 2,040 0.10 400° F/4 hr 1010 18 18
&.040 0.10 400* Pf4 br 990 18 15
0.040 0.10 400* F/4 Wr 920 1€ 20
0.040 Q.19 L00° ¥f4 hr 920 15 15
0.040 0.2 403° P/&4 hr 930 13 18
0,040 0.20 400* F/4 ar 980 18 18
0060 0.20 S00° F/S br 980 1$ 21
C.040 L o] 400° F/4 he 830 18 15
0.0 0.26 40C° F/& tr 1000 18 18
Gor 201 0.040 C.iC 400° F/& b 1060 6 28
- 9.040 0.10 400* F/f4 hr ~ . 20
0.3:0 6.10 400° F/4 hr e . 19 18
0.040 0.10 400° T/4 hr 9% 13 1%
0.040 0.10, 4R PiL br 1080 19 16
0.040 1] 400" F/4 hr 3] i3 23
0.640 0.2 400 Ff4 hr 956 16 3
0.040 2.20 400Y ©fa Bg 96 18 2%
0.040 0.0 400° ¥/4 he 53] 21 3
D.0&0 0.20 400" F/4 hr 8y i5 17
5 (standsrd) - - Unheated 1120 1% 20
- - - 1150 12 18
- - * 1160 18 20
- - " 1330 H 23
- - " 1350 13 H

S$Rangy malfunction,
A3
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Attn: SMJFA L3100 2t s <Y

3 REPORT TITLE
PAD PROPELLANTS FOR USE AT HIGH TEMPERATURES. PART II - Exposurs of Nitrate

Ester Propellants te High Temperatures, and Ballistic Feasibility of Cowposite
Propellaats in PAD Cartridges

4 DESCRIPYIVE NOTES (7ype of teport and incluaive doies)
Technical Research Report - December 1959 tc October 1962

S AUTHOR(S) (Last name. ficet neme, inftis’)
VISNOV, Martin

§. REPORT DATE 78 YOTAL NO OfF PAGES 7h ND OF REF3
{ . Octobey 1965 50 Thrae
88 CONTRAAT 28 GRANY NO, 98 VRIGINAIOR'S REPCART RUMBENS)
MIP2s Nos. 33(616)60-17, 33(616)61-12 R-1773, Part II
» proJECT no. ARd 33(657) -2-R&D-111
1352
<. ?,‘a;k No. 136203 2 %;r:«:;o:gpoxv NO(S) {Any cther numbers that may be sssigned
¢ BEOMS Code 5110.22.01117.27 AFFDL-TR-65-29, Part II

T AVAILAMLITY/LINITATION HOTICES
Qualified requesters may obtain copies of this report from DDL. Release to

CFSTI is not authorized.

11 SUPPL RUE'fTﬂQY NOTES 12. SPONSORING MILITARY ACTVITY
AF Flight Dynamics Labkoratory (FDFR)
Wzight-Patterson AFB, Ohio

13. ABITRACY - -
. Single and douhle base propellancs, as u.sed in propellant actuated device {PAD)

3 cartiidges, were sabjected to high temperuture conditionms short of autpignition.
Their thermel deterioration was measured by decy in peak pressures in firlpgs in
the N73 PAD Cartridgefi3 Initistor system and by estimction of weight loss, change
in nitrogen coantent of nitrocellulose, gas evolustion, and graia deformstion. Tha
- propellsnts degraded rapidly at 225° and 230° ¥, and would uot survive 2??° 4
- axpesure td permit svaluction. -~ -

The ballistic feasibility of substituting compesite propellatns for mitrste
eszers in PAD cartridges was demonstrated in the ¥%73 cartridge. This required

[ hand-tailoring of gralms because composite propellants in gun-~type geometries were

uot availatle from major composite propeilant sgources.
Composite propsllants esgloying ammonium perchlorate oxidizer performed satis-

“factorily in tha M73 Cartridge/M3 Initiacor system at -65° F, but were marginal

- aftec two bours' exposure at 40G° F. :
It js recommended tha: efforcs be cuntirued for the develuprent of composite

{ propellants ewpioying potassium perchlorate oxidizer to withstand ~65° to +00° F
soak temperaturus., ’
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